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STABUS INTEGRATION OF DNA IN BACTERIAL GENOMES 
FIELD OF INVENTION 

The present: invention relates to a bacterial cell which 
comprises a DNA construct integrated in its genome, a DNA 
5 construct intended for integration in the genome of a 
bacterial cell, a plasmid vector comprising the DNA 
construct, and methods of integrating the DNA construct into 
bacterial genomes. 

BACKGROUND OF THE INVENTION 

10 When, for the purpose of producing a desired polypeptide by 
recombinant DNA procedures, bacterial cells are transformed 
with a recombinant plasmid vector which carries inserted 
genetic information coding for said polypeptide, it has often 
been observed that such plasmids become unstable even though 

15 they may, in themselves, be stably inherited in the cell. 
This instability may either take the form of unstEible 
maintenance of the plasmid in the cells so that the plasmid 
will eventually be lost from a cell population, or so that 
the DNA coding for the protein in question may be deleted 

20 from the plasmid. A traditional way of solving the former 
problem has been to grow the transformed cells under 
selection pressure, that is, typically in the presence of an 
antibiotic to which the cells in question have been made 
resistant due to the presence of a gene coding for a product 

25 mediating resistance to that antibiotic on the plasmid 
transformed to the cells. This approach, however, is neither 
economically feasible in large-scale production due to the 
high cost of the antibiotics in question, nor is it desirable 
for environmental reasons. The use of antibiotics in culture 

3 0 media also makes it more difficult to obtain product approval 
from health authorities and the like. 

It has previously been suggested to stabilise plasmids by 
inserting into them a DNA s guence encoding a partitioning 
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function which ensxires the even distribution of plasmids to 
progeny cells on cell division. An alternative method of 
achieving the stable inheritance of cloned DNA sequences is 
to provide for the integration of such DNA sequences in the 
5 genome of the host bacterium. Integration of DNA sequences 
present on plasmid vectors may take place by the so-called 
"crossing-over" procedure, e.g. as described by A. Campbell, 
Advances Genet > 11 , 1962, pp. 101-145. According to this 
procedure, the plasmid vector is provided with a DNA sequence 

10 which is homologous to a region on the bacterial genome, or 
alternatively with two homologous sequences placed on either 
side of the heterologous DNA sequence to be integrated. In a 
subsequent recombination event, the homologous sequence and 
adjacent sequences on the vector are integrated into the host 

15 genome at the region of Homology - 

In some cases, however, is has been found that the integrated 
DNA sequences are deleted from the cells in the absence of 
selection pressure, for instance by a similar type of 
homologous recombination event as that responsible for the 

2 0 integration of the DNA, In particular, it has previously been 
observed that recombination between homologous DNA sequences 
is stimulated in the proximity of replicative DNA present on 
or near the DNA integrated in the host cell genome, cf. Ph. 
Noirot et al., J. Mol. Biol. 196, 1987, pp. 39-48; and M. 

25 Young and S.D. Ehrlich, J, Bacterid. 171(5), May 1989, pp. 
2653-2656. 

An object of the present invention is therefore to provide 
stable integration of DNA sequences into genomic DNA, e.g. 
the chromosome, of bacterial host cells. 

30 SUMMARY OF THE INVENTION 

The present invention is based on the finding that stable 
integration of DNA sequences into the genome of host bacteria 
may be obtained by avoiding the presence f a functional 
plasmid replication system in the integrated DNA. 
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Accordingly, in one aspect, the present invention relates to 
a bacterial cell which in its genome carries an integrated 
non-replicative DNA construct comprising (1) a DNA sequence 
of interest, (2) a DNA sequence which is homologous with a 
5 region of the genome of the cell, and (3) an origin of 
replication, said DNA construct lacking a functional gene 
coding for a factor required to initiate replication from 
said origin of replication. 

In another aspect, the present invention relates to a DNA 
10 construct comprising (1) a DNA sequence of interest, (2) a 
DNA sequence which is homologous with a region of the genome 
of a cell intended for introduction of the DNA construct, and 
(3) an origin of replication, said DNA construct lacking a 
functional gene coding for a factor required to initiate 
15 replication from said origin of replication. 

In the present context, the term "non-replicative DNA 
construct" is intended to mean a DNA sequence which is unable 
to replicate autonomously and which is therefore replicated 
together with the host cell genome. The genome comprises the 

20 chromosome and stably inherited extrachromosomal elements. 
The term "DNA sequence of interest" is used to indicate a 
sequence which may code for a desired RNA or protein product 
(heterologous or native to the host cell) or which may in 
itself provide the host cell with a desired property, e.g. a 

25 mutant phenotype as described below. 

The homologous DNA sequence may typically be one derived from 
the genome of the host cell, and may be homologous with a 
region of the genome which is not essential for the survival 
or proper functioning of the host cell. On the other hand, 
30 the homologous DNA sequence may also be so selected that 
integration of the DNA construct of the invention by 
homologous recombination will lead to a cell expressing a 
mutant phenotype (which may then serve as a marker f r 
selection of cells in which the DNA construct has b en 
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integrated) , for instance if the DNA construct is integrated 
within a transcription unit disrupting this so that one or 
xaore gene(s} contained within the transcription unit are 
consequently not expressed* The homologous DNA sequence loay 
5 alternatively be one which is not native to the host genome 
but which has been cloned from another organism or which has 
been synthesized and subsequently introduced into the host 
genome by any convenient process, e*g. crossing-over, prior 
to the integration of the DNA construct of the invention. The 

10 homologous DNA sequence may be one which comprises or 
consists essentially of the DNA sequence of interest, whether 
native or foreign to the host cell in question (for instance 
native to the cell in cases where it is desired to amplify 
the copy number of the DNA sequence of interest in the cell, 

15 vide below) . It should be noted that, in the present context, 
the term "homologous" may be defined as a sequence identity 
of at least 9 consecutive base pairs. 

DETAILED DISCLOSURE OF THE INVENTION 

Although, according to the invention, the stable integration 
20 of DNA into bacterial genomes has been demonstrated for 
plasmids with a particular type of replication system (the 
so-called rolling circle replication, vide below) , it is 
currently expected that any plasmids which replicate by a 
mechanism where one or more trans -actina factors (i.e. RNA or 
25 protein factors) are required to initiate replication from 
cis- acting sequences on the plasmid (such cis -actina DNA 
sequences are collectively termed the origin of replication) 
will be useful for the present purpose. Factors which are 
necessary for plasmid replication will be termed replication 
30 factors in the following. Wien the DNA construct lacks a 
functional gene coding for a replication factor required by 
the origin of replication contained on said DNA construct, no 
active replication factor is produced and, consequently, no 
replication is initiated from the origin. 
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In order to obtain a DNA construct of the invention which 
lacks a functional gene encoding a required replication 
factor, one may either delete the entire gene or modify it in 
such a way that it encodes an inactive replication factor. 
5 Such modification of the gene may be carried out in a manner 
known per ge by deletion, insertion or substitution of one or 
more nucleotides of the DNA sequence of the gene, or by 
similar modifications of transcriptional or trsuislational 
start or stop signals. 

10 The replication system outlined above may be utilised in a 
method of constructing a bacterial cell of the invention. In 
one embodiment of the method, a plasmid vector for the 
present purpose termed a parental vector, is initially 
constructed. The parental vector comprises (i) a first origin 

15 of replication; (ii) one or more functional genes encoding 
the replication factor (s) required for replication from said 
first origin of replication? (iii) a second origin of 
replication in the seune orientation as the first origin of 
replication; (iv) a DNA sequence of interest, and (v) a DNA 

20 sequence which is homologous with a region of the genome of a 
cell intended for introduction of the vector, said parental 
vector lacking a functional gene encoding a replication 
factor required for replication from the second origin of 
replication in the region between the second and the first 

25 origin of replication (in the above-mentioned order) . It 
should be noted that, in the present context, the term 
"plasmid" is also intended to denote a bacteriophage or other 
DNA molecule capable of functioning as an autonomously 
replicating extrachromosomal element. 

3 0 According to the invention, this parental vector may then be 
transformed into bacterial cells, and the transformed cells 
are cultured under conditions permitting replication of the 
vector. 

Replication of the parental vector in th transformed cell 
35 gives rise to the formation of two different progeny vectors. 
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The first progeny vector comprises (i) a first origin of 
replication; (ii) one or more genes encoding the replication 
factor (s) required for replication from said origin. The 
second progeny vector comprises (iii) a second origin of 
5 replication; (iv) a DNA sequence of interest, and a DNA 

sequence which is homologous with a region of the genome of a « 
cell intended for introduction of the plasmid vector, said 
second progeny vector lacking a fxmctional gene coding for a 
replication factor required for replication from the second 

10 origin of replication carried on said second progeny vector. 
The formation of two progeny vector molecules from the parent 
vector may take place by different mechanisms; either as a 
result of the mode of replication of the plasmid, for 
instance rolling circle replication of single -stranded DNA 

15 plasmids ( vide below) or as a result of homologous 
recombination between the DNA regions including and/or 
adjacent to the two origins of replication present on the 
plasmid vector. 

When the second origin is located in the same orientation on 
20 the parent plasmid as the first origin, the various DNA 
sequences intended to be integrated into the bacterial genome 
and located downstream of the second origin, but upstream of 
the first origin (i.e. the DNA sequence of interest, and the 
DNA sequence which is homologous with a region of the genome 
25 of the cell) will be present on the second progeny vector 
following plasmid replication- Continued culturing of the 
transformed cells may spontaneously result in the integration 
of said second progeny vector into the bacterial genome by 
homologous recombination and loss of the first progeny vector 
30 from the cells with a certain frequency. 

i 

In order to facilitate selection for cells in which the 
second progeny vector has been integrated in the genome, this ^ 
vector is preferably provided with a selectable marker. In 
this case, the cells may be cultured under selective 
35 conditions which is to say that only cells in which th 
selectable marker is maintained will survive. The selectable 
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marker may be a gene coding for a product which confers 
antibiotic resistance to the cell or which confers 
prototrophy to an auxotrophic strain (e.g. dal genes 
introduced in a dal ' strain; cf - B, Diderichsen in Raci3,J.us; 
5 Molecular Genetics and Biot echnology Applications, A.T. 
Ganesan and J. A. Hoch, Eds,, Academic Press, 1986, pp. 35- 
46) . Cells surviving under these conditions will either be 
cells containing the parental plasmid vector or containing 
both progeny vectors formed upon replication of the parental 

10 vector in the cell, or cells in which the second progeny 
vector comprising the DNA construct of the invention has been 
integrated. It has surprisingly been foimd that the parental 
vector and the first progeny vector are eventually lost 
whereas the second progeny vector comprising the DNA 

15 construct of the invention is spontaneously integrated in the 
host genome at a high frequency. 

If it is desired to improve the efficiency with which 
integration of the DNA construct takes place, one may 
utilise, as the parental vector, a plasmid which is able to 

20 replicate xinder certain (permissive) conditions and unable to 
replicate under other (non-permissive) conditions. The 
plasmid may, for instance, be one which is temperature- 
sensitive for replication. Thus, in an embodiment of the 
method of the invention, the parental vector is one which is 

25 unable to replicate at increased temperatures, which yet 
permit growth of the host cell. The bacterial cells are 
initially cultured at a temperature permitting plasmid 
replication and formation of the two progeny vectors and 
subsequently, after integration of the second progeny vector, 

30 comprising the DNA construct of the invention, into the 
bacterial genome may have taken place, cultured at a 
temperature which does not permit plasmid replication so that 
the first progeny vector as well as the parental vector are 
lost from the cells. The cultivation at the non-permissive 

35 temperature is conducted under selective conditions to ensure 
that only cells containing the integrated DNA construct, 
including an appropriate selectable marker, will survive. 
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Another way of increasing the efficiency of integration and 
subsequent loss of the first progeny vector from the cells 
may be to treat the cells transformed with the parental 
vector with a plasmid-curing agent, e^g. novobiocin (Gado, I. 
set al-, 1987. 2bl. Bakt. Hyg. A. 265, 136-145), after 
culturing the host cells under selective conditions as 
described above. 

It may be possible to employ replication origins from two 
different plasmids on the seime parental vector, provided that 

10 these are sufficiently similar to each other to be functional 
with the same replication factor (s) which should be able to 
initiate replication from both the first and the second 
origin of replication. Alternatively, the plasmid vector 
should contain homologous regions in order to be able to 

15 undergo homologous recombination as described eO^ove. It is, 
however, preferred that the first origin of replication (and 
the gene coding for the replication factor associated 
therewith) is derived from the same plasmid as the second 
origin of replication in order to ensure that the replication 

20 mechanism on which the present invention is based will 
fxinction optimally. 

Out of practical considerations, it may be preferred to make 
the initial construction of the plasmid vector in an organism 
in which replication from the first and second origins of 

25 replication cannot be initiated or in which the rate of 
replication from these origins is very low. The plasmid 
vector may therefore be a shuttle vector provided with an 
additional origin of replication which makes the vector able 
to replicate in two different organisms. The additional 

30 origin of replication may, for instance, be one which is 
functional in Escherichia coli . this organism being well 
described cuid conventionally used for recombinant DNA 
experimentation and therefore suitable for constructing 
plasmids by recombinant DNA techniques. The shuttle vector 

35 may also compris an additional selectable marker, e.g. an 
antibiotic resistance gene, f r selection of the vector in E^. 
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coli . Tlie additional origin of replicati n and selectable 
marker should preferably follow the first origin and/or the 
replication factor (s) , but precede the second origin so that, 
on replication of the vector from the first and second 
5 origins, these additional sequences will be carried by the 
first progeny vector which is eventually lost from the 
bacterial cell transformed with the parental vector. 

In an alternative method of producing the bacterial cell of 
the invention, host cells are transformed with a first DNA 

10 vector comprising a first origin of replication associated 
with a functional gene encoding a factor required for plasmid 
replication from said first origin of replication, and 
subsequently or simultaneously, by cotransf ormation, with a 
second DNA vector comprising a second origin of replication 

15 lacking an associated functional gene encoding a factor 
required for plasmid replication from the second origin of 
replication, as well as a DNA sequence of interest, and a DNA 
sequence which is homologous with a region of the genome of 
the cell. The second DNA vector is also preferaJDly provided 

20 with a selectable marker. The resulting cells containing the 
first and second DNA vectors are then cultured, preferably 
under selective conditions as described above, which 
eventually leads to integration of said second DNA vector 
into the bacterial genome by homologous recombination and 

25 loss of the first DNA vector for which there is no selection. 
As in the method described above initially employing a single 
plasmid vector, the first DNA vector may be one the 
replication of which is dependent on permissive and non- 
permissive conditions for culturing cells transformed with 

3 0 the vector. Thus in the method of the invention, the first 
DNA vector may be one which is unable to replicate at 
increased temperatures, which yet permit growth of the host 
cells, and the bacterial cells are initially cultured at a 
temperature permitting plasmid replication and subsequently, 

35 after integration of the second DNA vector into the bacterial 
genome, cultured at a temperature which does not permit 
plasmid replication so that the first DNA vector is lost from 
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tlie cells and under selective conditions so ttiat only cells 
in which the second DNA vector is integrated, are eible to 
survive. Similarly, the transformed cells may be treated with 
a plasmid-curing agent as described above. 

5 An intermediate formed in both of the methods of constructing 
a cell containing the integrated non-replicative DNA 
construct discussed above is a bacterial cell which comprises 
a first DNA vector comprising a first origin of replication 
associated with one or more functional gene(s) encoding the 

10 factor (s) required for plasmid replication from said first 
origin of replication, and a second DNA vector comprising a 
second origin of replication , as well as a DNA sequence of 
interest, and a DNA sequence which is homologous with a 
region of the genome of 'the cell, said second vector lacking 

15 a functional gene coding for a replication factor required 
for replicatin from the origin of replication carried on said 
second vector. 

In order to obtain an origin of replication on the second DNA 
vector which lacks a functional gene coding for a replication 

20 factor required for replication from said origin, it is 
possible to delete this gene from the vector or to modify it 
in the ways indicated above. In particular when using two 
different origins of replication, the first DNA vector may 
also be provided with a gene coding for a replication factor 

25 required to initiate replication from the second origin of 
replication. In this way, replication of the second DNA 
vector depends on the second replication factor produced from 
the first DNA vector, and the second vector becomes non- 
replicative when the first vector is lost from the cell. 

30 However, the first and second origin of replication may also 
be derived from the same plasmid, in which case only one gene 
coding for an intact replication factor is required on the 
first vector* 

Although, for the purpose of the present invention, the 
35 bacterial cell into which the plasmid vector or the first and 
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second DNA vector are transformed may be b th gram-negativ 
and greon-positive, it is preferably a cell of a gram-positive 
bacterium as it is generally easier to obtain extracellular 
expression of polypeptides from gram-positive organisms than 
5 from gram-negative ones. Thus, the bacterium may be of a 
strain belonging to the genus Bacillus or Streptomyces, in 
particular a strain of Bacillus lichenif ormis. Bacillus 
lentus . Bacillus brevis, Baci3,l\is pt^^yotftermoph jlus , 
Bacillus alkalophilus . Bacillus ainylol iqq^f ^qj^ps , p^cillus 
10 coaoulans > Bacillus subtilis or streotomvces livida^s. 

The present invention is currently believed to be the only 
efficient method of providing stable homologous integration 
of DNA sequences of interest in genomes of bacteria which 
cannot be transformed by' being made competent (or, at least, 

15 in which natural competence mechanisms have yet to be 
demonstrated) , but which may be transformed by techniques 
including, for instemce, protoplast formation or 
electroporation, e.g. certain strains of BapAMv^s 
lichenif ormis or Bacillus lent^g . The present method is 

20 therefore of particular interest with respect to such 
organisms in which the transformation frequency is low, 
typically 10-50 transformants per fig of DNA (contrary to, 
e.g., transformation of competent Ku c^li or Bj. subtj^j-s 
cells, where the number of transformants is typically on the 

25 order of 10^ - 10® per fxg of DNA) , which makes the sucessful 
transformation and stable integration of DNA in these 
organisms particularly important. 

In the bacterial cell of the invention, the DNA sequence of 
interest is advantageously one which codes for a polypeptide 

3 0 of interest, and the present invention consequently further 
relates to a process for producing a polypeptide of interest, 
comprising culturing a bacterial cell according to the 
invention containing an integrated DNA sequence which codes 
for said polypeptide under conditions conducive to the 

3 5 production of the polypeptide and recovering the resulting 
polypeptide from the culture. The polypeptid pr duced by the 
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presen-t process may b any polypep-tlde advantageously 
produced in bacteria such as em enzyme, e.g. a protease, 
amylase or lipase. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

5 A large family of plasmids from gram-positive bacteria 
replicate by the so-called "rolling circle replication" 
mechanism generating single-stranded DNA as a replication 
intermediate. Replication is initiated when a plasmid-encoded 
protein. Rep, recognizes an origin of replication sequence 

10 (the plus origin) and produces a nick in one of the DNA 
strands (the plus strand) . The plus strand is then displaced, 
and a new plus strand is polymerized from the nick by 3 • -OH 
extension. When the Rep* protein subsequently recognizes a 
termination sequence (which overlaps the plus origin) , it 

15 produces a second nick at the same position as the first one 
to generate a fully replicated strand and a single-stranded 
DNA monomer of the displaced strand the ends of which are 
ligated to form a circular molecule. Host factors then ensure 
the conversion of the single-stranded DNA molecule to double- 

20 stranded DNA (for a more detailed description of this type of 
plasmid, see A. Gruss and S.D. Ehrlich, Microbiological 
Reviews 53(2), June 1989, pp. 231-241). For the present 
purpose, plasmids with this replication system are termed 
single-stranded DNA plasmids. 

25 It has surprisingly been foxind that the rolling circle 
replication mechcmism may be utilised according to the 
invention to produce a bacterial cell according to the 
invention which harbours a DNA construct comprising, apart 
from a DNA sequence of interest and a DNA sequence which is 

30 homologous to a region of the genome of the cell, 

a plus origin of replication from a single-stranded DNA 
plasmid, lacking a f\inctional rep gene cognate to the plus 
origin of replication. 



0 
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This bacterial cell may be construct d by the method of the 
invention using a parental plasmid vector which comprises (i) 
a first plus origin from a single-stranded DNA plasmid; (ii) 
a functional rep gene cognate to the first plus origin; (iii) 
5 a second plus origin from a single-stranded DNA plasmid in 
the same orientation as the first plus origin (iv) a DNA 
sequence of interest, and (v) a DNA sequence which is 
homologous with a region of the genome of a cell intended for 
introduction of the plasmid vector, said parental vector 
10 lacking, in the region between the second and the first plus 
origin in the same orientation as above, a functional rep 
gene cognate to the second plus origin. 

On replication of the parental vector, the first and second 
progeny DNA vectors are formed, presumably by the following 
15 mechanism: 



The Rep protein initiates replication by producing a nick at 
the first plus origin, and proceeds to make a nick at the 
second plus origin. The displaced strand is religated to form 
a first progeny vector comprising a first plus origin of 

20 replication from a single-stranded DNA plasmid and a 
functional rep gene cognate to the first plus origin. 
Similarly, the Rep protein proceeds from the second plus 
origin to make a nick at the first plus origin thus forming, 
on religation of the displaced strand and conversion of the 

25 single-stranded DNA to double-stranded DNA, a second progeny 
vector comprising a second plus origin of replication from a 
single-stranded DNA plasmid lacking a functional £ep gene 
cognate to the second plus origin of replication, as well as 
a DNA sequence of interest, and a DNA sequence which is 

30 homologous with a region of the genome of said cell. As the 
second progeny vector does not comprise a functional rep 
gene, replication of this molecule depends entirely on the 
Rep protein supplied in -brans from either the first progeny 
vector or from the parental vector. 
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Alternatively, ttie two progeny vect rs c uld also be formed 
as a result of recombination between the homologous DNA 
regions including and/or adjacent to the two origins present 
on the parental vector. 

5 A second progeny vector without a functional replication 
origin may be formed if the first plus origin in the parental 
plasmid described above is replaced by a small DNA fragment 
derived from the origin region which is sufficient to ensure 
termination of plasmid replication but too small to 
10 constitute a functional origin. Such fragments have been 
identified in pUBllO (Boe et al,, 1989, J, Bacterid., 171, 
3366-3372) and in pC194 (Gros et al., 1987, EMBO J., 6, 3863- 
3869} . 

The bacterial cell may alternatively be constructed by a 
15 method of the invention comprising transforming the host cell 
with a first DNA vector comprising a first plus origin of 
replication from a single-stranded DNA plasmid associated 
with a functional rep gene, and subsequently or 
simultaneously, by cotransformation, transforming the host 
20 cell with a second DNA vector comprising a second plus origin 
of replication from a single-stranded DNA plasmid lacking a 
functional rep gene cognate to the second plus origin of 
replication, but comprising a DNA sequence of interest, and a 
DNA sequence which is homologous with a region of the genome 
25 of said cell. The second DNA vector is maintained in the cell 
due to the presence of Rep protein supplied from the first 
DNA vector. 

When the parental vector or second DNA vector comprises a 
modified rep gene, the second plus origin may precede or be 

30 located in the modified rep gene. As described above, the 
second plus origin may be derived from the ssuae or a 
different plasmid as the first plus origin. In cases where 
the first and second plus origins are derived from different 
plasmids so that replication will not be initiated from both 

35 origins by means of the same Rep pr tein, the first DNA 



wo 91/09129 



PCr/DK90/00332 



15 

vector may additionally contain a rep gene encoding an active 
Rep protein capable of initiating replication from the second 
plus origin. The parental vector or second DNA vector may 
also comprise a selectable marker as described above. 

5 In a favoured embodiment for promoting the integration 
process, a vector may be employed the replication of which is 
dependent on permissive conditions, including the temperature 
at which host cells are cultured. Thus, when a host bacterium 
containing the first and second DNA vectors is cultured at 

10 the permissive temperature for plasmid replication, the Rep 
protein produced from the first DNA vector will serve to 
maintain the second DNA vector in the cell. However, at non- 
permissive temperatures at which the first DNA vector is 
unable to replicate, the first vector and consequently the 

15 Rep protein produced from it will be lost from the cell so 
that the second DNA vector is no longer able to replicate 
either. By continued cultivation under selection pressure, 
e.g. in the presence of an antibiotic, only those cells 
survive which in their genome contain the inserted DNA 

20 construct of the invention, including a gene coding for a 
selectable marker. 

It should be noted that once the DNA construct has been 
integrated in the genome of the host cell, this may be 
cultured in the absence of selection pressure without 

25 consequent loss of the DNA construct or parts thereof from 
the cell. This is believed to be ascribable to the fact that 
the integrated DNA is incapable of autonomous replication, 
but is replicated together with the host genome. The lack of 
autonomous replication of the integrated DNA implies that 

3 0 there is no formation of the single-stranded DNA intermediate 
which is believed to be responsible for the recombination 
process whereby integrated DNA is excised from the host 
genome (cf. Ph. Noiret et al., J. Mol. pjol . 19fi, 1987, pp. 
39-48; and M. Young and S. D. Ehrlich, J . Bacteriol.,. 121(5), 

35 May 1989, pp. 2653-2656). 
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Zt. has been found possible ^o amplify -the int:egra'ted DNA 
construct by culturing -transformed cells under increased 
selection pressxire, e-g. at increased concentrations of an 
antibiotic. It has previously been found (cf.) that in the 
5 absence of selection pressure such amplified copies are 
frequently lost from the cells. Contrary to this, the present 
invention provides a bacterial cell in which amplified copies 
of integrated DNA sequences may be stably maintained in host 
cells because, as explained above, the integrated DNA is non- 
10 replicative. Although the present invention has mainly been 
described above as suitable for the integration of 
heterologous DNA sequences, it should be noted that the 
present method is also suitable for obtaining an amplified 
copy niunber of a gene which is homologous to the host cell in 
15 order to increase its production of a specific gene product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further illustrated with reference to the 
accompanying drawings wherein 



Fig, 1 shows a restriction map of plasmid pDN3000, 

20 Fig. 2 shows a restriction map of plasmid p£194. 

Fig. 3 shows a restriction map of plasmid pPL1975, 

Fig. 4 shows a restriction map of plasmid pSX120, 

Fig* 5 shows a restriction map of plasmid pPIi2002, 

Fig. 6 shows a restriction map of plasmid pDN3060, 

25 Fig. 7 shows a restriction map of plasmid pSJ1085, 



Fig. 8 shows a restriction map of plasmid pUC19; 
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Fig. 9 shows a restriction map of plasmid pSJ1103, 
Fig. 10 shows a restriction map of plasmid pSJll30, 
Fig. 11 shows a restriction map of plasmid pSJ113 6, 
Fig. 12 shows a restriction map of plasmid pSJ1137, 
5 Fig. 13 shows a restriction map of plasmid pPL1484, 
Fig. 14 shows a restriction map of plasmid pSJ1155, 
Fig. 15 shows a restriction map of plasmid pSJ1157, 
Fig. 16 shows a restriction map of plasmid pSJ1259, 
Fig. 17 shows a restriction map of plasmid pDN2904, 

10 Fig. 18 shows a restriction map of plasmid pSJ1139, 
Fig. 19 shows a restriction map of plasmid pSJ1139a, 
Fig. 20 shows a restriction map of plasmid pSJ1139b, 
Fig. 21 shows a restriction map of plasmid pdn3020. 
Fig. 22 shows a restriction map of plasmid pPL1878, 

15 Fig. 23 shows a restriction map of plasmid pPIil896, 
Fig. 24 shows a restriction map of plasmid pSJ993, 
Fig. 25 shows a restriction map of plasmid pSJ1163, 
Fig. 26 shows a restriction map of plasmid pSJ1136a, 
Fig. 27 shows a restriction map of plasmid pSJ1163b; 
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Fig. 28 shows a r striction map of plasmid pSJ1259a; 

Fig. 29 shows a restriction map of plasmid pSJ1555; 

Fig. 30 shows a restriction map of plasmid pSJ1555a; and 

Fig. 31 shows a restriction map of plasmid pSJ1555b. 

5 In all figures, arrows denote the direction of transcription. 

To improve readability the replicational origins (+ ori 
pUBllO, + ori pE194, ori pUC19) are indicated by the actual 
start site for replication, even though a functional origin 
consists of a larger DNA region. 

10 The invention is further described in the following examples 
which are not intended to be in any way limiting to the scope 
and spirit of the invention as claimed. 



MATERIALS AND METHODS 
Plasmids 

15 pBD64: described in Gryczan et al., 1980. 



PDN3060: A cloning vector derived from the Bacillus plasmid 
pDNlOSO (Diderichsen, B. , 1986) by insertion of 
synthetic oligonucleotides containing a nvunber of 
useful restriction sites. The restriction map is 
20 shown in Fig- 6. 

pDN2904: A derivative of the Bacillus p lasmid pUBllO 
(Gryczan et al-, 1978), containing both a 
chloreuaphenicol resistance gene and a kanamycin 
resistance gene. The restriction map is shown in 
25 Fig. 17. 
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pPIil484: A pUC19 ( Y an is ch- Perron et al., 1985) derivative 
containing a modified polylinker region into which 
was inserted a 1.4 kb BamHI fragment from pDN2904 
containing the Jcanamycin resistance gene. The 
5 restriction map is shown in Fig. 13. 

pPIilBTB: PDN1380 (described in Diderichsen and Christiansen, 
1988) containing a 2.4 kb Haell-SphI fragment 
encoding a cyclodextrin Glycosyl Transferase 
(CGTase) originating from Thermoanaerobacter sp. 
10 ATCC 53627. The gene was initially cloned into the 

E. coli plasmid pBR322 on a 12-8 kb EcoRI fragment 
(S tames et al., 1989). The restriction map is 
shown in Fig. 22. 

strains; 



15 E.coli SJ 6: 



a restriction-deficient derivative 
of MClOOO (Diderichsen et al., 1990) 
Bacillus subtil is DN1885:an amyE, aTnxR2, sfio*. Pro* 

derivative of R . subt ilis 
168. (Diderichsen et al. , 1990). 



20 



Bacillus subtilis DN1686:A SEfi" derivative of DN128G 

containing a chromosomal deletion in 
the dal gene (Diderichsen, 1986) . 

Bacillus licheniformis ATCC 9789 

25 Bacillus lentus NCIB 10309 



Media; 



TY: 



Yeast xtract 
FeCl2.4H20 



Trypticase20 g/1 

5 g/1 

6 mg/1 
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MnCl2.4H20 1 mg/l 

MgSO^ . 7H2O 15 mg/1 

pH 7.3 

TY9: As TY media but the pH was adjusted to 8,5 
5 by adding NaHCOj (0,1 M) 

TY9 agar : Trypticase 20 g/1 

Yeast extract 5 g/1 

FeCl2-4H20 6 mg/1 

MnS0^.4H20 1 mg/1 

10 MgSO^.THgO 15 mg/1 

Bacto agar 5 g/1 
Adjusted to pH 8,5 with NaHCO^ (0,1 M) 

BPX: Potato starch 100 g/1 

Barley flour 50 g/1 

15 BAN 5000 SKB O.lg/1 

Sodium caseinate 10 g/1 

Soy Bean Meal 20 g/1 

Na2HPO^, 12 HgO 9 g/1 

Pluronic 0 . Ig/ 1 

20 IjB agar: Bacto -trypt one 10 g/1 

Bacto yeast extract 5 g/1 

NaCl 10 g/1 

Bacto agar 15 g/1 
Adjusted to pH 7.5 with NaOH 



25 GENERAL METHODS 

The experimental techniques used to construct the plasmids 
were standard techniques within the field of recombinant DNA 
technology, cf. T. Maniatis et al.. Molecular Cloning i A 
Iiaboratory Manual - Cold Spring Harbor, New York, 1982. 



wo 91/09129 



PCr/DK90/00332 



21 

Restriction endonucleases were purchased fr m New England 
Biolabs and Boehringer Mannheim and used as recojnmended by 
the manufacturers- T4 DNA ligase was purchased from New 
England Biolabs and used as recommended by the manufacturer. 

5 Preparation of plasmid DNA from all strains was conducted by 
the method described by Kieser, 1984. 

Transformation of E> coli; 

Cells of E- coli were made competent and transformed as 
described by Mandel and Higa, 1970, or were transformed by 
10 electroporation as described in the manual for the BIO-RAD 
Gene Pulser electroporation apparatus. 

Transformation of p. subtil is; 

Competent cells were prepared and transformed as described by 
Yashin et al., 1975. 

15 Transformation of licheniformls; 

Plasmids were introduced into 1 icheni,;Pormis by 

polyethylene glycol-mediated protoplast transformation as 
described by Akamatzu, 1984. 

Transformation of p.lentus. 
20 Plasmids were introduced into B.lei>tus by protoplast 
transformation according to a slightly modified procedure by 
Akamatzu (1984) . The modifications were a higher pH in the 
regeneration medium e.g. the HCP 1,5 medium were buffered to 
pH 8,5 by adding 0,1 M NaHCOj to the medium. 

25 EXAMPIiE 1 

gi-^>>i^. integration of a non-replicatiye DNA molecule j-n the 
Bacillus lentup chromosome , 



Cloning of the subtilisin 309 gene 
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The g ne coding for 'the pro'tease designated sub'tilisin 309 
was cloned from an isolate of the B. lentus strain NCIB 10309 
as described in WO 89/06279. Further subcloning resulted in 
the plasmid pSXl20, which contains the replication origin of 
5 pUBllOr the chloramphenicol resistance gene ( cat ) from pC194, 
two promoters P^^„,yH and P^^^ and the gene encoding for the 
subtilisin 309 protease. (See Fig. 4 and International Patent 
Application No. PCT/DK90/00164) 

Construction of the Integration pXasmld pPli2002, 

10 Plasmid pDN3000 was constructed by restricting pUC19 
(Yanisch-Perron et. al. ) with EcoRI and inserting the 
following oligonucleotide sequence (prepared by the 
phosphoamidite method described by Beaucage and Caruthers, 
Tet r ehedron 1 e tt er s 22 . 1981, pp. 1859-1869, on an automatic 

15 DNA synthesizer) 

AATTGATCAAGCTTTAAATGCATGCTAGCAACGCGGCCGCC/ACCTCGAGATCTCATG 

CTAGTTCGAAATTTACGTACGATCGTTGCGCCGGCGGTTGGAGCTCTAGAGTACTTAA 

into the linearized pUC19 followed by ligation. The ligation 
20 mixture was then used to transform competent E.coli SJ6 cells 
and transformants were selected on liB plates containing 100 
ug/ml amplclllln. The orientation of the Inserted linker in 
PDN3000 is as indicated by the orientation of the restriction 
sites in Fig.l. 

25 Plasmid pPL1975 was constructed by restricting pDN3000 with 
Bglll followed by ligation of this linearized plasmid to the 
Mbol fragment containing the DNA from position 1 to 1585 
resulting from restriction, of pE194 (Fig. 2, Horinouchi and 
Weisblum) with MboX. The ligation mixture was then used to 

30 transform competent E.coli SJ6 cells and transformants were 
selected on IjB plates containing 100 ug/ml amplclllln. The 
orientation of the connection of these two fragments is as 
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indicated in Fig. 3. pPL1975 thus contains a functional E. 
coli replication origin and a pE194 DNA fragment comprising 
an intact plus origin (+ ori pE194) and a truncated repF gene 
(repF') ( Villafane et al,, 1987 ). 

5 Plasmid pPI*2002 (Fig- 5) was constructed by restricting 
PPL1975 (Fig. 3) by EcoRI and Bamlil and ligating the 
linearized plasmid to the 3.3kb EcoRI (partial) , Bglll 
fragment from pSX120 (Fig. 4) containing the flubtilisir> 309 
gene and the cat resistance gene. The ligation mixture was 
10 then used to transform competent E. coli SJ6 cells and 
transformants were selected on LB plates containing 100 ug/ml 
ampicillin. 

Stable integration of the pPL2002 plasmid into the chromosome 
of B.lentus. 

15 An isolate of the B.lentus strain NCIB 103 09 was transformed 
by protoplast transformation with the temperature sensitive 
plasmid pE194 (See fig.l) selecting for erythromycin 
resistance (5ug/ml) at 30^C (permissive temperature) . The 
resulting strain was denoted PL2156. 

20 PL2156 was then protoplast transformed with the plasmid 
pPL2002 selecting for chloramphenicol resistance (8ug/ml) and 
erythromycin resistance (5ug/ml) at 30°C resulting in the 
strain PL2157 containing the two plasmids pE194 and pPL2002. 
In these cells the replication of the plasmid pPL2002 

25 completely depends on the presence of the plasmid pE194 which 
encodes the for the pPI.2002 replication, indispensable 
replication protein repF. 

The strain PIi2157 was grown overnight in TY9 medium and 
dilutions were plated on .TY9 plates at 45°C (nonpermissive 
30 temperature) selecting for chloramphenicol restance 
(lOug/ml) . 
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One- of -bJiese chloramphenicol resistzan-t colonies was deno-ted 
PL2158 

Sou-thern hybridiza-tion showed *bhat:, in -the stirain PIi2l58, -the = 
plasmid pPL2002 was in-begrated into the chromosome by 
5 homologous recombination between the plasmid-*bozme and t 
chromosomal subtilisin 309 genes and thereafter amplified to 
approx. 4 copies. No evidence of complete pE194 plasmid 
sequences was detected. 

The stability of the chromosomally integrated copies of 
10 pFL2002 in strain Pli2158 was tested in large scale 
fermentations (1500 1) without any antibiotic. 

After fermentation samples were diluted and plated on Ty9 
plates and 100 colonies were replicated to TY9 plates 
containing 10 ug/ml chloramphenicol. 98 of the tested 

15 colonies were still resistant to chloramphenicol indicating 
that the plasmid pPIj2002 was still integrated in the 
chromosome. 20 of these colonies were then tested by Southern 
hybridisation which showed that the plasmid pPL2002 was still 
integrated, apparently in the same copy number (approx. 4 

20 copies) in all of the tested colonies. 

EXAMPLE 2 

Construction of plasmid vectors containing two pTTBllO origins 
of replication 

Plasmid pSJ1085 (Fig. 7) was constructed by restricting 
25 pDN3060 (containing an origin of replication (+ ori pUBllO) 

and rep gene (reg) from pUBllO, and a chloramphenicol * 
resistance gene f eat ) from pC194) with BamHI and EcoRI and 
inseirting the following oligonucleotide sequence (prepared by * 
the phosphoamidite method described by Beaucage and 
30 Caruthers, Tetrahedron Iietters 22, 1981, pp. 1859-1869, on an 
automatic DNA synthesizer) 



wo 91/09129 



PCr/DK90/00332 



25 

AATTCTGCAGATATCAAGATAAGAAAGAACAAGTTCCG 

GACGTCTATAGTTCTATTCTTTCTTGTTCAAGGCCTAG 

into the linearized pDN3060 followed by ligation and 
transformation of b. subtil is DN1885. 

5 Plasmid pSJllOS (Fig. 9) was constructed by restricting 
pSJ1085 (Fig. 7) with EcoRI and inserting the entire 
linearized plasmid into the similarly restricted plasmid 
pUC19 (Fig. 8) followed by ligation and transformation of 
coli SJ6. The resulting plasmid pSJllOS contains the plus 
10 origin and rep gene from pUBllO, the cat gene from pC194, 
the pUC19 origin of replication (ori pUC19) , and the ^- 
lactamase (ampicillin resistance) gene (Ma) . 

Plasmid pSJllBO (Fig. 10) was derived from pSJllOS (Fig. 9) 
by deleting a 1.6 kb Nsil-PstI fragment , essentially 
15 resulting in a pUC19 plasmid containing a pUBllO plus-origin 
and a truncated yep gene ( rep * ) . The plasmid was transformed 
into E. coli SJ6. 

A 1.4 3db Hindlll fragment from pDN3060 (Fig. 6) containing 
the plus-origin followed by the intact rep gene was then 

20 inserted into the unique Hindlll site of pSJ1130 (Fig. 10) , 
and the ligated plasmid was transformed into EtPQlj, SJ6, 
resulting in pSJ1136 (Fig. 11). In this experiment, the 
fragment happened to be inserted into pSJ1136 in two tandem 
copies. One of these copies was subsequently deleted by 

25 digestion of pSJ1136 with Nsil, religation of the 5.1 kb 
fragment and transformation of E. coli SJ6, resulting in 
pSJ1137 (Fig. 12) which contains one pXJBllO origin next to a 
truncated rep gene and one pUBllO origin next to an intact 
rep gene* 

30 The gene encoding kanamycin resistance (kan) was excised from 
plasmid pPL1484 (Fig. 13) on a 1.4 kb SphI fragment and 
inserted in each of the two p ssible orientations into the 
SphI site of PSJ1137 (Fig. 12), f llowed by transformation f 
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E. coli SJ6, resulting in pSJ1155 (Fig- 14) and. pSJlX57 (Fig. 
15) , respectively • pSJ1157 contained the kan gene in two 
tandem copies. One copy was excised with BainHX, and the 6.5 
kb fragment religated and transformed into E. coli SJ6 to 
5 form PSJ1259 (Fig. 16) . 

Plasmid pSJ1139(Fig. 18) was constructed in the following way 
: The Bacillus plasmid pDN2904 (Fig. 17) , containing a 
chlorcunphenicol resistance gene ( cat ) , a kanamycin resistance 
gene (lean) and the pUBllO plus-origin with the corresponding 
10 rep gene was digested with SphI and ligated to pSJllBO (Fig. 
10) which had also been digested with Sphl. The resulting 
plasmid pSJ1139 contains a pUBllO origin associated with a 
truncated rep gene and a pUBllO origin associated with an 
intact rep gene. 

15 EXAMPLE 3 

Formation of progeny PNA vectors from plasmids containing two 
pUBllO origins of replication in Bacillus subtilis 

Plasmid pSJ1139 (Fig. 18) (prepared from E. coli SJ1139 in a 
manner known per se ) was tremsformed into B. subtilis DN1885 

20 selecting for kanamycin resistance (10 fJLg/'ml) , and plasmid 
DNA was prepared from several trsmsf ormants . Agarose gel 
electrophoresis of these plasmids, whether undigested or 
digested with a variety of restriction enzymes, showed the 
presence of two smaller DNA molecules of 5.1 kb and 2.4 kb, 

25 respectively, as well as a small amount of the full-length 
plasmid pSJ1139 of 7.5 3cb. The restriction patterns obtained 
were the expected ones for formation of the two progeny 
vectors pSJ1139a (Fig. 19) and pSJ1139b (Fig. 20), either by 
homologous crossing-over between the two rep -sequences on 

30 PSJ1139 or by the action of the Rep protein which produces a 
nick at the pUBllO plus-origin in the plus DNA strand which 
is then displaced and recircularized as described in A. Gruss 
and S. D. Erlich, op. cit. (both these mechanisms could lead 
to the same two progeny vectors. 
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These vectors were further analyzed by retrans format ion into 
B> subtilis strain DN1885, and plating on LB plates 
containing either 10 Mg/ml kanamycin or 6 /ig/^al 
chloramphenicol, followed by replica plating of each plate 
5 onto a new plate containing the other antibiotic. Vectors 
were then isolated from each type of transformant and 
analyzed by agarose gel electrophoresis with the following 
results : 

Transformants resistant to both chloramphenicol and kanamycin 
10 contain all three vector species (pSJ1139 of 7.5 kb, pSJ1139a 
of 2.4 kb and pSJ1139b of 5»1 kb) . Transformants resistant to 
chloramphenicol and sensitive to kanamycin only contain 
pSJ1139b. Transformants resistant to kanamycin but sensitive 
to chloramphenicol were not obtained. The small progeny 
15 vector pSJ1139a of 2.4 kb is thus not able to replicate 
autonomously in B. subtilis. 

EXAMPI.E 4 

Stable integration of a non-replic ative DNA molecule in the 
B- subtilis chromosome 

20 Construction of a b. subtilis strain containing one 
chromosomal copy of a cyclodextrin glycosyl transferase 
(CGXase) gene 

The CGTase gene (CGT) was excised from plasmid pPL1878 (Fig. 
22) on a 2.5 kb BamHI-SphI fragment and ligated to the BamHI- 

25 SphI digested plasmid pDN3020 (Fig. 21) to form plasmid 
PPL1896 (Fig. 23). pDN3020 is a derivative of pDN1313 
(Diderichsen, 1986) , constructed by inserting a synthetic 
Sphl-containing oligonucleotide linker (prepared as described 
in Example 1 above) into the EcoRI site of plasmid pDN1380 

30 (Diderichsen and Christiansen, 1988) resulting in plasmid 
pDN1620. The promoter region from a maltogenic amylase from 
B. stear th rmophilus (PamyM) , present on pDN1620 (B. 
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Dlderichsen and L, Christiansen, op. cit« ) was then 
transferred to Sphl-BamHI digested pUC19 on an approximately 
200 bp BaiDHI-SphI fragment resulting in plasmid pDN2977. The 
promoter region was excised from pDN2977 on an approximately 
5 200 bp Bglll-SacI fragment which was inserted into the 
polylinker region of pDN1313, thereby generating plasmid 
pDN3020. The CGTase gene on pPL1896 is flanked by two 
fragments of B. subtills chromosomal DNA indicated as dal and 
dfs in Fig. 23. dal is the gene encoding D,Ii-alanine racemase 
10 of B. subtilis (Diderichsen 1986) . 

Plasmid pPL1896 was transformed into B> subtilis strain 
DN1686. When selecting solely for Dal"*" trans formants, several 
strains were obtained that were chloramphenicol sensitive, 
CGTase"^. They were formed by a double homologous crossing- 
15 over between pPL1896 and the DN1686 chromosome, as described 
in Diderichsen, 1986. One such strain is PL1897, containing a 
chromosomal ly integrated copy of the CGTase gene. 

Construction of an integration vector containing the CGTase 
gene 

20 The CGTase gene was excised from pPIil&78 (Fig. 22) on a 2.5 
kb BamHI-NotI fragment. An expression vector was constructed 
by inserting a 0.6 kb Sphl-Pstl fragment containing the 
promoter region of the alpha-amylase gene cloned from an 
amylase-overproducing derivative of B. licheniformis ATCC9789 

25 obtained by conventional mutagenesis procedures into a pUBllO 
derived vector containing the pUBllO origin and the gene 
encoding kanamycin resistance. The CGTase gene (cgt) was 
inserted downstream of this promoter between the BamHI and 
NotI sites, resulting in pSJ993 (Fig. 24) . 

30 A 4 kb BglXI fragment from.pSJ993 was inserted into the Bglll 
site of pSJ1155 (described in Example 1 sJdove, Fig. 14) , the 
resulting plasmid was transformed into E^. coli strain SJ6, 
and ampicill in-resistant, CGTase-producing transformants of 
E. coli SJ6 were isolated by plating transformants on LB 
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plates containing 100 Mg/i^l ampicillin and 0.5% soluble 
starch, screening for the formation of a clear halo around 
the colonies after staining the plates with iodine vapour. A 
transformant harbouring the plasmid pSJ1163 (Fig. 25) in 
5 which the kanamycin resistance gene had been regenerated was 
kept for further experiments. 

Formation of progeny vectors from pSJ1163 in B, subtilis 
strains DN1885 and PL1897 

PSJ1163 (Fig. 25) was transformed into DN1885 and vector DNA 
10 was prepared from kanamycin-resistant transf ormants and 
analyzed by agarose gel electrophoresis. This showed traces 
of a 10.5 kb plasmid molecule, corresponding to pSJ1163, and 
two progeny vector molecules pSJ1163b of 4.1 kb (Fig. 27) and 
pSJ1163a of 6.4 kb (Fig. 26) in approximately equal and in 
15 far larger amounts, respectively, corresponding to progeny 
vectors derived either by homologous recombination between 
the two rep-sequences of pSJ1163 or by the action of the Rep 
protein at each plus origin in rolling circle replication as 
described above. The formation of progeny vectors as 
20 described above was also observed when pSiJ1163 was 
transformed into PL1897, and two such transf ormeints were kept 
for further experiments as strains SJ1168 and SJ1170. 

Isolation of integrants containing non-replicative DNA 
molecules 

25 Strains SJ1168 and SJ1170 were inoculated into 10 ml TY 
medium containing 5 ^g/ml kanamycin and incubated overnight 
at 37 'C. 100 /il of each culture were then inoculated into 
fresh TY medium and the incubation was repeated. After four 
such cycles of incubation overnight, plasmid DNA was prepared 

30 from the two cultures . and analyzed by agarose gel 
electrophoresis. No plasmid molecules were observed. When the 
plasmid preparation was used to transform E. coli selecting 
for ampicillin resistance, no transf ormants were obtained, 
indicating that neither the original 10.5 kb pSJ1163 nor th 



wo 91/09129 



PCT/DK90/00332 



30 

4.1 kb progeny vector molecule pSJ1163b were present. The 
kanamycin-resistEint, plasmid-free strains were kept for 
further experiments as SJ1223 and SJ1237. 

Amplification of integrated DNA 

5 By selecting for growth in TY medium containing gradually 
increasing concentrations of kanamycin^ strains were isolated 
that were able to grow in 20, 50, 100, 200, 400, 600, 800, 
1000, 1200, and 1400 /ig/ml kanamycin. In chromosomal DNA from 
strains resistant to above about 400 ug/ml kanamycin, 

10 digestions with Nhel or NotI revealed a DNA band of the size 
expected from digestion of the 6.4 kb progeny vector pSJ1163a 
with these enzymes. This band did not appear in digests of 
DNA prepared from strains with a lesser degree of kanamycin 
resistance. A conservative estimate would be that at least 5- 

15 10 copies of the integrated DNA were present when this band 
appeared • 

St2a>ility of integrated DNA 

Strains resistant to 400 Mg/ml kanamycin were grown for one 
week at 37 'C in shake flasks containing BPX medium without 

20 any added kanamycin. They were then plated onto LB plates and 
subsequently replica plated onto plates containing 10 ^g/ml 
kemamycin. Of about 100 colonies, all were kanamycin 
resistant, indicating the stable inheritance of the kanamycin 
resistance gene present on the integrated DNA in the abscence 

25 of selection pressure. 

Stability of a plasmid-bome CGTase gene in B. subtilis 

Plasmid pP11892 is essentially identical to pSJ993 (Fig. 24) , 
the only difference being that a different polylinker region 
is present downstream of the CGTase gene. This plasmid was 
30 introduced into DN1885 and the resulting strain SJ984 was 
grown for one week at 37 in shake flasks containing BPX 
medium without any added kanamycin. 
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Plating on kanamycin-containing plates (10 itq/vsl) gave a 10- 
fold lower cell count than plates without kanamycin, 
indicating that 90% of the cells had lost their plasmid. This 
was also reflected by the finding that less than 10% of the 
5 colonies on plates without kamamycin produced CGTase. 

EXAHPI£ 5 

pormation of progeny vectors from pSJll56 in p. 1 j,chepif9Tmis 

ATCC 9789. 

Plasmid PSJ1156 is identical to pSJ1157 shown in Fig. 15. 

10 PSJ1156 was introduced into p. 1 i c^^eni^oymis ATCC 9789 by 
protoplast transformation, selecting for kanamycin 
resistance, resulting in strain SJ1199. Analysis of the 
plasmid content of SJ1199 by restriction enzyme digestion and 
agarose gel electrophoresis revealed the presence of two 

15 plasmid molecules. One was identical to pSJ1259 (Fig. 16) and 
most likely formed by deletion of one copy of the Jsan gene by 
homologous recombination. The other corresponded to pSJ1259a 
(Fig. 28) , one of the two progeny molecules that could be 
formed either by homologous recombination between the two use 

20 sequences of pSJ1259 or by the action of the Rep protein at 
each plus origin in rolling circle replication as described 
above . 

EXAMPLE 6 

integration at a «on-replicative DKA molecule ip t|ie 
25 B. liehen ^ fogmia ^vrec 9789 chromosome 

construction of integration vector 

Plasmid pSJ1260 is identical to pSJ1259 shown in Fig. 16. 
Chromosomal DNA from p. i H«heniformis ATCC 9789 was digested 
with PstI + BamHI and fragments between 2 and 4 kb were 
30 isolated from an agarose gel. These fragments were ligated 
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into PSJ1260 digested with PstI + BamHI, and transformed into 
ppli SJ6 selecting ampicillin resistance. One transformant 
obtained contained an insert of 2.1 kb and the plasmid was 
denoted pSJ1555 (Fig. 29). E. coli SJ6 containing pSJ1555 was 
5 deposited at the National Collection of Industrial and Marine 
Bacteria Ltd, 23 St. Machar Drive, Aberdeen, AB2 IRY, 
Scotland, UK on December 12, 1990 in accordance with the 
provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purpose 
10 of Patent Procedure, with the accession number NCIMB 40346. 
This plasmid has the capacity to form the two progeny 
molecules pSJ1555a (Fig. 30) and pSJ1555b (Fig. 31) . 

Isolation of B* licheniformis integrant containing a non'- 
replioative DNA molecule. 

15 PSJ1555 was introduced into B. licheniformis ATCC 9789 by 
protoplast transformation, selecting for kanamycin 
resistance. One regenerated, kanamycin-resistant transformant 
(SJri613) was plasmid-free as seen by gel electrophoresis of a 
plasmid-preparation from that tremsformant, and the plasmid 

20 preparation was unable to trans fom B. subtilis to kanamycin 
resistance. This result indicates that the non-replicative 
progeny molecule pSJ1555a had formed and had been integrated 
into the ATCC 9789 chromosome. 

Amplification emd stability of integrated DNA 

25 Strain SJ1613 was grown in successive lo ml TY cultures 
containing kanamycin at 10, 20, 50, 100, 200, 400, 600, 800, 
1000, 1500, 2000, 2500, 3000, 4000 and 5000 ug/ml, and 
strains growing at each of these different concentrations 
were kept for fiirther study. Strains resistant to 20, 200 and 

3 0 1500 ug/ml kanamycin were further analyzed. Chromosomal DNA 
from the two latter strains revealed upon digestion with 
BamHI a distinct band of 4.5 kb, absent from DNA of the first 
strain, as expected for strains containing multiple copies of 
pSJ1555a integrated in the chromosome. 
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All strains were grown in BPX shake flasks at 37 °C for 7 
days without kanamycin, and then streaked on UB plates - 
Replica plating from LB plates to kanamycin plates (10 ug/ml) 
revealed no kanamycin sensitive colonies. Colony counts on 
5 plates with and without kanamycin (10 ug/ml) were obtained 
for the three strains resistant to 20, 200 and 1500 ug/ml 
kanamycin r and were in all cases 10^*^ ml'\ indicating 
stability of the integrated kan gene. 
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CLATMS 

1. A bacterial cell which in its genome carries an integrated 
non-replicative DNA construct comprising (1) a DNA sequence 
of interest, (2). a DNA sequence which is homologous with a 

5 region of the genome of the cell, and (3) an origin of 
replication, said DNA construct lacking a functional gene 
coding for a factor required to initiate replication from 
said origin of replication. 

2. A cell according to claim 1, wherein the DNA construct has 
10 been deleted of the gene encoding the replication factor. 

3. A cell according to claim 1, wherein the gene encoding the 
replication factor has been modified so as to encode an 
inactive replication factor, or modified so that no 
replication factor is expressed from the gene. 

15 4. A cell according to claim 3, wherein said gene has been 
modified by deletion, insertion or substitution of one or 
more nucleotides of the DNA sequence of the gene, or by 
deletion or other modification of transcriptional or 
translational start or stop signals. 

20 5. A cell according to any of claims 1-4, wherein the DNA 
construct comprises a DNA sequence of interest, a DNA 
sequence which is homologous to a region of the genome of the 
cell, and a plus origin of replication from a single-strand 
DNA plasmid, the DNA construct lacking a functional rep gene 

25 cognate to the plus origin of replication. 

6 . A cell according to any of claims 1-5 , , wherein the DNA 
construct additionally comprises a selectable marker. 

7. A cell according to any of claims 1-5, wherein the DNA 
sequence of interest encodes a polypeptide of interest. 
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8. A cell according to any of claims 1-7, which is a cell of 
a gram-positive bacterium - 

r 

9. A cell according to claim 8, wherein the gram-positive 
bacterium is a strain belonging to the genus pacjllys or 

5 strentomvces , 

10. A cell according to claim 9, wherein the bacterium is a 
strain of Bacillus 1 icheniformis. Bacilj.us lentus. Bacillus 
brevis > Bacillus stearothermophilus , Bacillus ^XHaiop^ii^^f 
Bacillus amvloliquef aciens , Bacillus coagulans. Bacillus 

10 subtilis or s-breptomvces l±yX^^ns. 

11. A DNA construct comprising (1) a DNA sequence of 
interest , ( 2 ) a DNA se^ence which is homologous with a 
region of the genome of a cell intended for introduction of 
the DNA construct, and (3) an origin of replication, said DNA 

15 construct lacking a functional gene coding for a factor 
required to initiate replication from said origin of 
replication. 

12. A DNA construct according to claim 11, which has been 
deleted of the gene encoding the replication factor. 

20 13. A DNA construct according to claim 11, wherein the gene 
encoding the replication factor has been modified so as to 
encode an inactive replication factor, or modified so that no 
replication factor is expressed from the gene. 

14. A DNA construct according to claim 13, wherein said gene 
25 has been modified by deletion, insertion or substitution of 

one or more nucleotides of the DNA sequence of the gene, or 
by deletion or other modification of transcriptional or 
translational start or stop . signals . 

15. A DNA construct according to any of claims 11-14, 
30 comprising a DNA segu nee of interest, a DNA sequence which 

is homolog us with a region f the genome of a cell intended 
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for introduction of the DNA construct, and a plus origin of 
replication from a single-strand DNA plasmid, the DNA 
construct lacking a functional rep gene cognate to the plus 
origin • 

5 16. A DNA construct according to claim 11 which additionally 
comprises a selectable marker. 

17. . A recombinant DNA vector comprising a DNA construct 
according to any of claims 11-16. 

18. A parental plasmid vector which comprises (i) a first 
10 origin of replication; (ii) one or more functional genes 

encoding the replicational factor (s) required for replication 
from said first origin ot replication; (iii) a second origin 
of replication in the same orientation as the first origin of 
replication; (iv) a DNA secpience of interest, and (v) a DNA 

15 sequence which is homologous with a region of the genome of a 
cell intended for introduction of the vector, said parental 
vector lacking a functional gene encoding a replication 
factor required for replication from the second origin of 
replication in the region between the second and the first 

20 origin of replication (in the above-mentioned order) . 

19. A plasmid vector according to claim 18, wherein the 
second origin of replication is derived from the same plasmid 
as the first origin of replication. 

20. A plasmid vector according to claim 18, which has been 
25 deleted of the gene encoding the replication factor 

associated with the second origin of replication. 

21. A plasmid vector according to claim 18, wherein the gene 
encoding the replication factor associated with the second 
origin of replication has been modified. 

3 0 22. A plasmid vector according to claim 21, wherein the gene 
has been modified by deletion, insertion or substitution of 
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one or more nucleotides of the DNA sequence of the gene, or 
by deletion of transcriptional or translational start or stop 
signals. 

23. A parental plasmid vector which comprises (i) a first 
5 plus origin from a single-stranded DNA plasmid; (ii) a 
functional rep gene cognate to the first plus origin; (iii) t 
a second plus origin from a single-stranded DNA plasmid in 
the same orientation as the first plus origin; (iv) a DNA 
sequence of interest, and (v) a DNA sequence which is 
10 homologous with a region of the genome of a cell intended for 
introduction of the plasmid vector, said parental vector 
lacking a functional rep gene cognate to the second plus 
origin in the region between the second and the first plus 
origin of replication (in the above-mentioned orientation) • 

15 24. A plasmid vector according to claim 23, wherein the 
second plus origin of replication is derived from the same 
single-strand DNA plasmid as the first plus origin of 
replication. 

25. A plasmid vector according to any of claims 18-24, which 
20 further comprises a selectable marker. 

26. A bacterial cell which comprises a first DNA vector 
comprising a first origin of replication and one or more 
functional gene(s) encoding the factor (s) required for 
plasmid replication from said first origin of replication, 

25 and a second DNA vector comprising a second origin of 
replication but lacking afunctional gene encoding a factor 
required for plasmid replication from said second origin of 
replication, as well as comprising a DNA sequence of 
interest, and a DNA sequence which is homologous with a 

30 region of the genome of the cell. 

27. A cell according to claim 26, wherein the second origin 
of replication is derived from th same plasmid as the first 
origin f replication. 
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28- A cell according to claim 26, wherein the second DNA 
vector has been deleted of the gene encoding the replication 
factor cognate to the second origin of replication. 

29. A cell according to claim 26, wherein the gene encoding 
5 the replication factor cognate to the second origin of 

replication has been modified. 

30. A cell according to claim 29, wherein the gene has been 
modified by deletion, insertion or substitution of one or 
more nucleotides of the DNA sequence of the gene, or by 

10 deletion or other modification of transcriptional or 
translational start or stop signals. 

31. A cell according to claim 26, wherein the first DNA 
vector further comprises a functional gene encoding the 
replication factor cognate to the second origin of 

15 replication. 

32. A cell according to claim 26, wherein the second DNA 
vector further comprises a selectable marker. 

33. A cell according to any of claims 26-32, which comprises 
a first DNA vector comprising a first plus origin of 

20 replication from a single*stranded DNA plasmid and a 
functional rep gene, and a second DNA vector comprising a 
second plus origin of replication from a single-stranded DNA 
plasmid but lacking a functional rep gene cognate to the 
second plus origin of replication, as well as a DNA sequence 

25 of interest, and a DNA sequence which is homologous with a 
region of the genome of said cell. 

34. A cell according to claim 33, wherein the second plus 
origin of replication is derived from the same single- 
stranded DNA plasmid as the first plus origin of replication. 

30 
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35. A cell according to any of claims 26-34, which is a cell 
of a graia-positive bacterium. 

36. A cell according to claim 35, wherein the gram-positive 
bacterium is a strain belonging to the genus Bacillus or 

5 streptomvces . 

37. A cell according to claim 36, wherein the bacterium is a 
strain of Bacillus licheniformis . Bacillus lentus. Bacillus 
brevis. Bacillus stearothermophilus . Bacillus alkalophilus , 
Bacillus amyloliouef aciens , Bacillus coaaulans . Bacillus 

10 subtil is or streptomvces lividans. 

38. A method of producing a bacterial cell according to any 
of claims 1-10, the method comprising transf oarming bacterial 
cells with a parental plasmid vector according to any of 
claims 18-25, and culturing the transformed cells under 

15 selective conditions, replication of the plasmid vector 
giving rise to the formation of a first progeny vector 
comprising a first origin of replication and one or more 
functional gene(s) encoding the factor (s) required for 
plasmid replication from said first origin of replication, 

20 and a second progeny vector comprising a second origin of 
replication but lacking a functional gene encoding a factor 
required for plasmid replication from said second origin of 
replication, as well as comprising a DNA sequence of 
interest, and a DNA sequence which is homologous with a 

25 region of the genome of the cell, continued culturing of the 
transformed cells under selective conditions resulting in the 
integration of said second progeny vector into the bacterial 
genome by homologous recombination and loss of the first 
progeny vector as well as the parental plasmid from the 

3 0 cells. 

39. A method according to claim 38, wherein the parental 
plasmid vector is one which is unable to replicate at 
increased temperatur s which yet permit growth of the host 
cell, and wherein the bacterial cells are initially cultured 
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a't a -temperature permi'b'ting plasmid replication and 
siobseguently, after integration of the second progeny vector 
into the bacterial genome, cultured at a temperature which 
does not permit plasmid replication so that the first progeny 
5 vector as well as the parental vector are lost from the 
cells. 

40. A method of producing a bacterial cell according to any 
of claims 1-10, the method comprising transforming bacterial 
cells with a first DNA vector comprising a first origin of 

10 replication and one or more functional gene(s) encoding the 
factor (s> required for plasmid replication from said first 
origin of replication, and with a second DNA vector 
comprising a second origin of replication but lacking a 
functional gene encoding a factor rec[uired for plasmid 

15 replication from the second origin of replication, as well as 
comprising a DNA sequence of interest, and a DNA sequence 
which is homologous with a region of the genome of the cell, 
and culturing the resulting cells under selective conditions 
leading to integration of said second DNA vector into the 

20 bacterial genome by homologous recombination and loss of the 
first DNA vector. 

41. A method according to claim 40, wherein the first DNA 
vector is one which is unable to replicate at increased 
temperatures which yet permit growth of the host cells, and 

25 wherein the bacterial cells are initially cultured at a 
temperature permitting plasmid replication and subsequently, 
after integration of the second DNA vector into the bacterial 
genome, cultured at a temperature which does not permit 
plasmid replication so that the first DNA vector is lost from 

30 the cells. 

42. A method according to- claim 40, wherein the first DNA 
vector further comprises one or more functional gene(s) 
encoding the replication factor (s) required for replication 
from the second origin of replication. 
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43. A process for producing a polypeptide of interest, 
comprising culturing a bacterial cell according to any of 
claims I-IO containing an integrated DNA sequence which codes 
for said polypeptide under conditions conducive to the 

5 production of the polypeptide and recovering the resulting 
polypeptide from the culture. 

44. A process according to claim 43, wherein the polypeptide 
is an enzyme, e.g. a protease, amylase or lipase. 
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AU-D- 


5392279 


80-07-03 






EP-A-B- 


0013830 


80-08-06 






JP-A- 


55104888 


80-08-11 


US-A- 4401761 


83-08-30 


EP-A- 


0058002 


82-08-18 






JP-A- 


57144981 


82-09-07 






US-A- 


4338400 


82-07-06 



